Introduction {#j_jomb-2018-0033_s_001}
============

Although the idea of immune modulation in response to exercise is not novel, there is still a lack of data fully explaining the mechanisms of these changes. There is a lot of data confirming that regular physical activity has a beneficial impact on the immune system in sedentary subjects ([@j_jomb-2018-0033_ref_001]). On the other hand, it is well described that high-intensity and/or long-term physical effort causes adverse changes in both innate and adaptive immune systems of the participants ([@j_jomb-2018-0033_ref_002], [@j_jomb-2018-0033_ref_003]). The »Open Window Theory« is widely discussed in the literature. It is based on the immunosuppressive effect of physical effort, which lasts 3--72 hours after exercise, depending on the parameter measured ([@j_jomb-2018-0033_ref_004], [@j_jomb-2018-0033_ref_005]). However, cardiopulmonary capacity, as well as exercise-induced muscle adaptations process depend on the place and systemic inflammation ([@j_jomb-2018-0033_ref_006], [@j_jomb-2018-0033_ref_007], [@j_jomb-2018-0033_ref_008]).

The physical effort of martial arts belongs to a mixed type, both aerobic and anaerobic. Karate is an example of a sport in which speed plays a key role. The fight is going at an extreme pace. During a fight, muscles work at a very high intensity, and their contractions are extremely strong. The movement pattern contains a great number of feints, dodges, frequent changes in movements' tempo and direction, hits and kicks. It explains why karate combat competition performance is closely associated with athletes' strength and conditioning, physiological characteristics, skills, tactical decisions and psychological status. It is well known that an adequate training programme performed during the training in each phase of a season causes a disorder of homeostasis among athletes. Moreover, training or competition causes exercise-induced muscle damage that can result in a release of inflammatory signalling molecules and myocellular enzymes into the blood plasma ([@j_jomb-2018-0033_ref_009], [@j_jomb-2018-0033_ref_010], [@j_jomb-2018-0033_ref_011], [@j_jomb-2018-0033_ref_012]).

Some of the most important components of the immune system are B and T lymphocytes. A number of T cell subsets, e.g. T naïve, T memory, T helper/inducer (Th), T suppressor/cytotoxic (Tc), T regulatory (Treg) has been described. A common feature of these cells is an expression of membrane surface receptors including T-cell receptor (TCR), CD3 and CD2. Taking the functionality into account, the Th (CD4^+^) cells are divided into several subsets including Th1, Th2 and Th17 ([@j_jomb-2018-0033_ref_013], [@j_jomb-2018-0033_ref_014], [@j_jomb-2018-0033_ref_015], [@j_jomb-2018-0033_ref_016]). The differentiation of naïve T CD4^+^ cells is associated with their activation and production as well as the release of signalling molecules. It is well known that Th1 cells are responsible for synthesis and release of interferon gamma (INF-γ) and interleukin 2 (IL-2) being responsible for stimulation of Tc cell-associated immune response (9, 11). Th2 lymphocytes synthesise interleukins, including IL-4, IL-5, IL-10 and IL-13, which are related to B cell growing and differentiation. Therefore, Th2 cell subset is associated with humoral response modelling. It is also known that induction of cellular immune response is associated with enhanced humoral immune response, which is widely described as »immune deviation« (split tolerance) ([@j_jomb-2018-0033_ref_017]). Th17 cells are categorised as CD4^+^ cell subset expressing IL-1- (IL-1R) and IL-23 receptor (IL-23R) on their membrane surface. Those lymphocytes are responsible for the synthesis of such interleukins as IL-17A, IL-17F, IL-6, IL-21, IL-22, IL-26, and other signalling factors, e.g. tumour necrosis factor alpha (TNF-α) and hematopoietic granulocytemacrophage colony-stimulating factor (GM-CSF) ([@j_jomb-2018-0033_ref_018], [@j_jomb-2018-0033_ref_019]). The development of T naïve into Th17 cells is stimulated by transforming growth factor beta (TGF-β), IL-6, IL-1B, IL-7, IL-21 and IL-23. Simultaneously, signalling molecules synthesised by Th1 and Th2 cells inhibit this process ([@j_jomb-2018-0033_ref_014], [@j_jomb-2018-0033_ref_015], [@j_jomb-2018-0033_ref_020]). The presence of Th17 lymphocytes in peripheral blood is related to chronic inflammation and autoimmune diseases ([@j_jomb-2018-0033_ref_015], [@j_jomb-2018-0033_ref_019], [@j_jomb-2018-0033_ref_021], [@j_jomb-2018-0033_ref_022]). Same literature data evidenced that chronic high-intensity exercise could stimulate T cells resulting in immunosuppression ([@j_jomb-2018-0033_ref_001], [@j_jomb-2018-0033_ref_010], [@j_jomb-2018-0033_ref_023]). It might be manifested by an increased incidence of infections, mainly of the upper respiratory system among athletes. Interestingly, those changes are observed among young sportspeople, suggesting, that the immunological system can adapt to the influence of long-lasting high-bout exercises ([@j_jomb-2018-0033_ref_023]).

To our best knowledge, there is still a lack of data describing the lymphocyte differentiation process in association with training loads and exhaustive effort, including martial arts. Thus, to better understand the mechanism of biological adaption of the immune system to physical effort among professional karate athletes, we studied the CD3^+^ cell (T lymphocyte) subsets' distribution in peripheral blood of elite athletes. The aim of the study was to assess the effect of training loads used at the preparation phase to start-up period and maximal effort (100% VO~2~max) achieved during the progressive efficiency test on the mechanical treadmill until exhaustion on CD3^+^ cell subsets' distribution. Additionally, selected cytokines' profile was determined to identify the immunological pathway associated with both training loads and maximal effort.

Materials and Methods {#j_jomb-2018-0033_s_002}
=====================

Study design {#j_jomb-2018-0033_s_002_s_001}
------------

The study was designed to understand better the influence of exhaustive effort as well as training loads on selected immunological parameters among highly qualified elite karate athletes. The protocol of data collections included two experiments conducted at the beginning of the preparatory phase and during the start-up period.

The first experiment was performed after two weeks of the vacation time when the participants were asked to refrain from physical effort, especially training units. This experiment included a study of the impact of maximal effort on differentiation and distribution of selected T cell subsets. To realise this experiment, CD4^+^ and CD8^+^ T lymphocyte subsets related to their differentiation before, immediately after the progressive test, as well as during recovery time (about 17 hours after the test) were determined. Cardiorespiratory fitness measures: maximum oxygen uptake (VO~2~max), maximum ventilation (VE), anaerobic threshold (AT), respiratory quotient (RQ; volume ratio of emitted CO~2~ to oxygen uptake); respiratory compensation (RC), maximal voluntary ventilation (MVV), metabolic equivalent (MET) and respiratory frequency (Rf) were also determined.

The second experiment was performed at the end of the preparatory period to the 51^st^ European Senior Karate Championships, Montpellier, France, 2016. The samples were collected 24 hours before the departure for the championships and 24 hours after the return of the participants. The data obtained in this experiment were also compared with baseline values of participants' immunological characteristic obtained before the beginning of the training programme.

The studies were performed in the Biochemistry as well as Physiology Laboratories, Centre for Human Structural and Functional Research, Faculty of Physical Education and Health Promotion, University of Szczecin, Szczecin, Poland.

Participants {#j_jomb-2018-0033_s_002_s_002}
------------

Three male elite karate athletes median aged 30 years old (range 21--31 years) with at least 15 years of training experience qualified to 51^st^ European Senior Karate Championships were recruited to the study. The participants competed in three different weight categories (kumite): 67 kg, 75 kg and 84+ kg.

The baseline characteristic of the participants is demonstrated in *[Table I](#j_jomb-2018-0033_tab_001){ref-type="table"}*.

###### 

A baseline characteristic of the participants.

  Parameter                                 Median (min-max)
  ----------------------------------------- -----------------------------------------
  Age \[years\]                             30 (31 -- 31)
  Height \[cm\]                             181 (172 -- 189)
  Weight \[kg\] BMI \[kg/m^2^\]             75.2 (66.8 -- 86.8) 23.0 (22.6 -- 24.3)
  BMR \[kJ\]                                8125 (7188 -- 9410)
  FAT \[%\]                                 11.1 (10.9 -- 12.7)
  FAT MASS \[kg\]                           9.6 (7.3 -- 9.6)
  FFM \[kg\]                                65.7 (59.5 -- 77.2)
  TBW \[kg\]                                48.1 (43.2 -- 56.5)
  length of training experience \[years\]   20 (16 -- 22)
  weekly training frequency \[hours\]       9 (9 -- 9)

The table presents median (min-max) values characterising the participants.

Body mass and body composition were determined using Body Composition Analyzer Tanita BC-418MA (Tanita, Tokyo, Japan). BMI -- body mass index, BMR -- basal metabolic rate, FAT -- the percentage of fat, FFM -- fat-free mass, TBW -- total body water.

They had no history of any metabolic syndrome (according to International Diabetes Federation description: diabetes, prediabetes, abdominal obesity, high cholesterol and high blood pressure; [www.idf.org/metabolic-syndrome](http://www.idf.org/metabolic-syndrome)) or cardiovascular diseases (defined by WHO as disorders of the heart and blood vessels; [www.who.int/topics/cardiovascular_diseases/en/)](http://www.who.int/topics/cardiovascular_diseases/en/) Participants were non-smokers and refrained from taking any medications or supplements known to affect metabolism. Participants were fully informed of any risks and discomfort associated with the experimental procedures before giving their written consent to participate. The study was approved by the Local Ethics Committee in accordance with the Helsinki Declaration.

Data collection {#j_jomb-2018-0033_s_002_s_003}
---------------

Body composition {#j_jomb-2018-0033_s_002_s_004}
----------------

The basic anthropometric indicators were measured in the morning, a day before the departure for the championships, in a laboratory room at 20--23 °C. At least, 12 hours before measurement, participants did not perform any training or physical activity, and they had been prescribed an easily digestible diet, so as not to aggravate their digestive system. Additionally, measurements were performed at least 2 h after eating.

Participants' body mass and body composition parameters (body mass index (BMI), basal metabolic rate (BMR), percentage of fat (FAT), fat free mass (FFM), total body water (TBW)), were determined using Body Composition Analyzer Tanita BC-418MA (Tanita, Tokyo, Japan) according to manufacturer's protocol.

The progressive efficiency test on the mechanical treadmill until exhaustion {#j_jomb-2018-0033_s_002_s_005}
----------------------------------------------------------------------------

The progressive efficiency test on a mechanical treadmill until exhaustion was chosen because of its advantages (did not require any special movement pattern skills, could be performed in laboratory conditions (with controlled and repetitive micro-environmental conditions) and let us use gas exchange data analyser combined with a treadmill). The test started with 5 minutes of warm-up running at the speed of 5 km/h. During the proper test, the speed increased by 2 km/h after every 3 minutes of the test until exhaustion. The cardiorespiratory fitness measures (VO~2~max, VE, AT, RQ, RC, MVV, MET and Rf) were determined using state-of-the-art breath by breath gas exchange data analyser Quark CPET (Cosmed, Albano Laziale, Italy) ([@j_jomb-2018-0033_ref_024]). Additionally, every 3 minutes of the exercise, before increasing the workload (treadmill speed), finger capillary blood was taken for determination of lactate (LA) concentration. The LA concentrations were determined using mobile blood lactate monitoring system (THE EDGE Lactate Analyser, Apex Biotechnology Copr., Hsinchu, Taiwan).

Blood sampling {#j_jomb-2018-0033_s_002_s_006}
--------------

During the first experiment, blood samples were obtained tree times from the elbow vein: before the test (pre-exercise), no longer than 5 minutes after the test (post-exercise) and about 17 hours after the test, at the end of recovery time (recovery).

For the second experiment, the blood sampling from the elbow vein took place three times in the morning: before the beginning of training programme, 24 hours before the departure for the championships, and 24 hours after the return of the participants.

Each time, blood samples were taken into 7.5 ml S-Monovette tube with ethylenediaminetetraacetic acid (EDTA K~3~, 1.6 mg EDTA/mL blood) (SARSTEDT AG & Co., Nümbrecht, Germany). All analyses were performed immediately after the blood collection.

Flow cytometric analysis {#j_jomb-2018-0033_s_002_s_007}
------------------------

All flow cytometric analyses were performed using BD Accuri™ C6 flow cytometer (Becton Dickinson, Franklin Lakes, NJ, USA) and the results were calculated with the use of BD Accuri™ C6 software (ver. 1.0.264.21) unless otherwise stated.

Lymphocyte T, Th, and Tc subsets phenotyping {#j_jomb-2018-0033_s_002_s_008}
--------------------------------------------

Lymphocyte phenotyping in erythrocyte-lysed blood samples was performed using BD Multitest™ IMK kit (BD Biosciences, San Jose, CA, USA) was used. The expression of surface markers was determined according to the manufacturer's protocol. Briefly, an antibody cocktail to determine the percentages of T lymphocyte subsets in erythrocytelysed blood samples was used. The cocktail contained antibodies including fluorescein isothiocyanate (FITC)-labelled CD3, phycoerythrin (PE)-labelled CD8, peridinin chlorophyll protein (PerCP)-labelled CD45, and allophycocyanin (APC)-labelled CD4.

After incubating the blood samples with appropriate aliquots of antibody cocktail (15 min, room temperature in darkness), a lysing solution was added. The samples were incubated in the darkness (15 min, room temperature) and then analysed by flow cytometry. For each sample, the fluorescence signal of at least 10^4^ ungated events was measured.

Lymphocyte Th1 and Th2 subsets determination {#j_jomb-2018-0033_s_002_s_009}
--------------------------------------------

To determine Th1 and Th2 cell subsets, Human Th1/Th2/Th17 Phenotyping Kit (BD Biosciences). Briefly, an antibody cocktail to determine the percentages of Th1 and Th2 lymphocyte subsets in erythrocyte-lysed blood samples was used. The cocktail contained antibodies including FITC-labelled interferon-gamma, peridinin chlorophyll proteincyanine 5.5 (PerCP-Cy5.5)-labelled CD4, and APC-labelled IL-4. The cells were fixed with BD Cytofix™ fixation buffer (20 min, room temperature), then washed using BD Perm/Wash™ buffer and suspended in BD Perm/Wash™ buffer for 15 minutes (room temperature in the darkness). After that, the buffer was removed, and the antibodies-containing cocktail was added. After 30 min of incubation (room temperature in the darkness), the cells were washed with BD Perm/Wash™ buffer and suspended in stain buffer (FBS) prior to flow cytometric analysis. For each sample, the fluorescence signal of at least 10^4^ gated events for the forward and side light-scatter characteristics of lymphocytes was measured.

Lymphocyte Th17 and Treg subsets determination {#j_jomb-2018-0033_s_002_s_010}
----------------------------------------------

To determine Th17 and Treg cell subsets, HumanTh17/Treg Phenotyping Kit (BD Pharmingen™, San Jose, CA, USA) was used. Briefly, an antibody cocktail to determine the percentages of Th17 and Treg lymphocyte subsets in erythrocyte-lysed blood samples was used. The cocktail contained antibodies including PE-labelled IL-17A, PerCP-Cy5.5-labelled CD4, and Alexa Fluor® 647-labelled FoxP3. The cells were fixed with Human FoxP3 buffer (20 min, room temperature in the darkness), then washed twice and suspended in stain buffer (FBS). After that, an appropriate aliquot of antibody cocktail was added, and the samples were incubated for 40 min (room temperature in the darkness). Then, the cells were washed twice with stain buffer (FBS) and analysed. For each sample, the fluorescence signal of at least 10^4^ gated events for the forward and side light-scatter characteristics of lymphocytes was measured.

Memory T cell subsets phenotyping {#j_jomb-2018-0033_s_002_s_011}
---------------------------------

The analysis of CD3^+^ memory T cell subsets in erythrocyte-lysed blood samples was performed using Human Naïve/Memory T Cell Panel (BD Pharmingen™), and anti-CD8^+^ fluorescence labelled anti bodies (BD Pharmingen™) according to manufacturer's protocol. Briefly, two different cocktails of antibodies (one for CD4^+^ cells and one for CD8^+^ cells, respectively) containing Alexa Fluor® 647-labelled Mouse Anti-Human CD197 (CCR7), PerCP-Cy™5.5-labelled Mouse Anti-Human CD4, or PE-labelled CD8, and FITC-labelled Mouse Anti-Human CD45RA, were prepared prior to use. After incubating the blood samples with appropriate aliquots of antibody cocktails (20 min, room temperature in darkness), a lysing solution was added. The samples were gently mixed, incubated in the darkness (15 min, room temperature) and then analysed by flow cytometry. For each sample, the fluorescence signal of at least 5×10^4^ ungated events was measured. The analysed CD4^+^SSC^low^ or CD8^+^ SSC^low^ cells were determined as T Naïve (CD45RA^+^CD197^+^), T central memory (T~CM~; CD45RA^-^CD197^+^) and T effector memory (T~EM~; CD45RA^-^CD197^-^) subsets, respectively. Quadrants for the dot plots to determine percentages of each CD4^+^ or CD8^+^ memory T cell subsets were derived using appropriate fluorescence-minus-one (FMO) controls.

Selected cytokine profile {#j_jomb-2018-0033_s_002_s_012}
-------------------------

The measurement of selected cytokines, namely interleukin-8 (IL-8), interleukin-1 (IL-1 ), interleukin6 (IL-6), interleukin-10 (IL-10), tumour necrosis factor alpha (TNF-α), and interleukin-12p70 (IL-12p70) protein levels in analysed blood plasma samples was performed using BD Cytometric Bead Array (CBA) Human Inflammatory Cytokines Kit (BD Biosciences) according to manufacturer's protocol. Briefly, an appropriate aliquot of mixed capture beads was prepared and incubated with serum enhancement buffer in the darkness (30 min, room temperature). Recombinant standards were diluted (in the rage 0 - 1:1024) to prepare standard curves. Then, an appropriate aliquot of each dilution of recombinant standard or analysed plasma sample was added to the capture beads, gently mixed and incubated for 1.5 hours in the darkness (room temperature). After washing the samples, the detection reagent was added, gently agitated and incubated for another 1.5 hours (in the darkness, room temperature). Then, the samples were washed, the fresh wash buffer was added, and the samples were analysed by flow cytometry. For each sample, the fluorescence signal of 2100 events gated for beads population was measured. Results were calculated using FCAP Array™ Software (ver. 3.0.1; Soft Flow Hungary Ltd., Pecs, Hungary).

Statistical analysis {#j_jomb-2018-0033_s_002_s_013}
--------------------

All data are presented as median (min-max). Statistical analysis was performed using STATISTICA (data analysis software system), version 12 software (StatSoft, Inc., 2014). Significance levels of differences observed between analysed time points (pre-exercise vs. post-exercise vs. recovery, as well as baseline vs. before championships vs. after championships) were assessed using Friedman's analysis of variance (Friedman's ANOVA) followed by Dunn's test with Bonferroni correction. Each time, p \< 0.05 was considered a significant difference.

Results {#j_jomb-2018-0033_s_003}
=======

The baseline characteristics of body composition, as well as the length of training experience and weekly training frequency of the participants, are presented in *[Table I](#j_jomb-2018-0033_tab_001){ref-type="table"}*. All karate athletes qualified for the experiment were subjected to the same training programme and training loads during the experiment. The baseline characteristic of a studied subset of T (CD3^+^) cells' distribution, as well as cytokines' profile in peripheral blood, were determined at the beginning of the preparatory stage of the training programme (after two weeks of the vacation time). To define the impact of maximal effort on differentiation and distribution of selected CD3^+^ cell subsets in karate athletes' peripheral blood, the progressive test until exhaustion on the mechanical treadmill in laboratory conditions at the beginning of the preparatory stage was performed. The test was carried out in the morning, a day before the beginning of the training programme. The participants' cardiorespiratory fitness measures obtained during the progressive test are presented in *[Table II](#j_jomb-2018-0033_tab_002){ref-type="table"}*. Additionally, to explain the impact of total training units and the competitions on CD3^+^ cells' (T lymphocytes) differentiation and distribution, as well as cytokine profile of participants' blood, they were analysed 24 hours before the departure for championships and 24 hours after the return of the participants.

###### 

The cardiorespiratory fitness measures of participants during the progressive test until exhaustion.

  Parameter                median (min-max)
  ------------------------ ------------------------
  VO~2max~ \[mL/kg/min\]   55.2 (52.7 -- 57.8)
  AT \[beats/min\]         158 (151 -- 169)
  RQ                       1.07 (1.04 -- 1.10)
  RC                       175 (163 -- 190)
  V~E~ \[L/min\]           152.1 (130.1 -- 178.8)
  MVV \[L/min\]            201.3 (194.3 -- 204.8)
  MET \[mL/kg/min\]        15.5 (15.0 -- 16.5)
  Rf                       56.8 (48.5 -- 64.7)

The table presents median (min-max) values.

The analyses were performed using state-of-the-art breath by breath gas exchange data analyser Quark CPET (Cosmed, Albano Laziale, Italy).

VO~2max~ -- maximum oxygen uptake; AT -- anaerobic threshold; RQ -- respiratory quotient (volume ratio of emitted CO~2~ to oxygen uptake); RC -- respiratory compensation; -- minute VE ventilation; MVV -- maximal voluntary ventilation; MET -- metabolic equivalent; Rf -- respiratory frequency.

It was found that maximal effort caused significant (p\<0.05) changes in both total lymphocytes (CD45^+^SSC^low^ cells) counts (data not presented) and distribution (*[Figure 1A](#j_jomb-2018-0033_fig_001){ref-type="fig"}*), while no changes in this parameter were observed during recovery time (*[Figure 1A](#j_jomb-2018-0033_fig_001){ref-type="fig"}*). A similar pattern of lymphocytes' distribution was observed in the second experiment (*[Figure 1B](#j_jomb-2018-0033_fig_001){ref-type="fig"}*), yet the changes were not statistically significant. Our study showed that significant (p\<0.05) changes in Th naïve (CD4^+^CD45RA^+^), as well as Th (CD3^+^ CD4^+^) cells, were observed after the maximal effort. Significant (p\<0.05) increase in Th cells in recovery time (recovery), as well as in Th naïve cells immediately after the test (post-exercise) were observed (*[Figure 1A](#j_jomb-2018-0033_fig_001){ref-type="fig"}*). It must be emphasised that in recovery time the median of Th naïve cells was ca. 10% higher than baseline values found before the test (pre-exercise) (*[Figure 1A](#j_jomb-2018-0033_fig_001){ref-type="fig"}*). No significant changes in both CD4^+^ and CD8^+^ T naïve (CD45RA^+^CD197^+^) cells were found after the training programme and after the returning from championships (*[Figure 1B](#j_jomb-2018-0033_fig_001){ref-type="fig"}*). Additionally, a significant (p\<0.05) increase in CD8^+^ central memory cell (Tc~CM~) percentage was found only after the progressive test and no changes in both central (Th~CM~) and effector (Th~EM~) memory subsets of CD4^+^ cells during the first experiment (*[Figure 2A](#j_jomb-2018-0033_fig_002){ref-type="fig"}*). There were no differences in the distribution of CD4^+^ and CD8^+^ memory cells (both central and effector ones) in response to the training programme, as well as direct sports competition loads compared to the baseline distribution pattern (*[Figure 2B](#j_jomb-2018-0033_fig_002){ref-type="fig"}*). On the other hand, a significant (p\<0.05) increase in Treg (CD4^+^FoxP3^+^) and Th1 (CD4^+^IFN-γ^+^), as well as significant decrease in Th2 (CD4^+^IL-4^+^) cells' distribution during recovery time in comparison to pre-test, were found. The median of Treg cells' percentage was almost 8-fold higher than the baseline value, while the median of Th1 cells' percentage was about 2.5-fold higher than the baseline values found during the first experiment (*[Figure 2A](#j_jomb-2018-0033_fig_002){ref-type="fig"}*). Opposite to this observation, Th1 cell percentage before the championships was 3.5-fold higher (p\<0.05) than the baseline characteristic of these cell subsets during the second experiment (*[Figure 2B](#j_jomb-2018-0033_fig_002){ref-type="fig"}*).

![Median of the percentage of white blood cells lymphocyte (CD45^+^) subsets, including: T cells (CD3^+^), helper/ inducer T cells (Th; CD4^+^), suppressor/cytotoxic T cells (Tc; CD8^+^), helper/inducer naïve T cells (Th naïve; CD4^+^ CD45RA^+^CD197^+^), suppressor/cytotoxic naïve T cells (Tc naïve; CD8^+^CD45RA^+^CD197^+^) of studied participants' blood samples determined: A) before (pre-exercise) and after the progressive test on mechanical treadmill until exhaustion (5 minutes post-exercise and during recovery time, about 17 hours after the test), B) before the beginning of training programme (baseline), 24 hours before the departure for the 51^st^ European Senior Karate Championships, Montpellier, France, 2016 and 24 hours after the return of the participants. The bar represents median; whiskers represent the min-max range.\
Significance levels of differences observed between analysed time points (pre-exercise vs. post-exercise vs. recovery, as well as resting vs. before championships vs. after championships) were assessed using Friedman's analysis of variance followed by post-hoc Dunn's test with Bonferroni correction. \* p \< 0.05](jomb-38-342-g001){#j_jomb-2018-0033_fig_001}

![Median of the percentage of T lymphocyte subsets including: Tc central memory cells (Tc~CM~; CD8^+^CD45RA^-^ CD197^+^), Tc effector memory cells (Tc~EM~; CD8^+^CD45RA^-^CD197^-^), Th central memory cells (Th~CM~; CD4^+^CD45RA^-^CD197^+^), Th effector memory cells (Th~EM~; CD4^+^CD45RA^-^CD197^-^), Th17 cells (CD4^+^IL-17A^+^), regulatory T cells (Treg; CD4^+^FoxP3^+^), Th1 cells (CD4^+^IFN-γ^+^) and Th2 (CD4^+^IL-4^+^) cells of studied participants' blood samples determined: A) before (pre-exercise) and after the progressive test on mechanical treadmill until exhaustion (5 minutes post-exercise and during recovery time, about 17 hours after the test), B) before the beginning of training programme (baseline), 24 hours before the departure for the 51^st^ European Senior Karate Championships, Montpellier, France, 2016 and 24 hours after the return of the participants.\
The bar represents median; whiskers represent the min-max range.\
Significance levels of differences observed between analysed time points (pre-exercise vs. post-exercise vs. recovery, as well as resting vs. before championships vs. after championships) were assessed using Friedman's analysis of variance followed by post-hoc Dunn's test with Bonferroni correction. \* p \< 0.05](jomb-38-342-g002){#j_jomb-2018-0033_fig_002}

To obtain a more complete representation of the immunomodulatory effect of physical effort, cytokine profiles in plasma of studied participants were examined. Six plasma cytokines levels were determined, yet the IL-1 plasma level was below the method's detection limit in all analysed time points (data not presented). It was observed that only TNF-α concentration was higher after the progressive test in comparison to pre-exercise (p\<0.05) plasma level, while no significant changes in IL-12p70, IL-6 and IL-8 were found. The increases in IL-6 and IL-8 plasma concertation were significant during the recovery time in comparison to pre-test values (p\<0.05). The median of IL-6 concentration was ca. 6.5-fold higher while the median of IL-8 concentration was ca. 3-fold higher than baseline values (*[Figure 3A](#j_jomb-2018-0033_fig_003){ref-type="fig"}*). Examining the influence of total training units on studied cytokines level, a significant increase (p\<0.05) in IL-12p70 and IL-10 were observed in comparison to baseline values. Our study did not demonstrate an impact of direct sports competition effect on any of studied cytokines in comparison to baseline values (*[Figure 3B](#j_jomb-2018-0033_fig_003){ref-type="fig"}*).

![The plasma cytokine profile including interleukin-12p70 (IL-12p70), tumour necrosis factor alpha (TNF-α), interleukin-10 (IL-10), interleukin-6 (IL-6) and interleukin-8 (IL-8) of studied participants' blood samples determined: A) before (pre-exercise) and after the progressive test on mechanical treadmill until exhaustion (5 minutes post-exercise and during recovery time, about 17 hours after the test), B) before the beginning of training programme (baseline), 24 hours before the departure for the 51^st^ European Senior Karate Championships, Montpellier, France, 2016 and 24 hours after the return of the participants.\
The bar represents median; whiskers represent the min-max range.\
Significance levels of differences observed between analysed time points (pre-exercise vs. post-exercise vs. recovery, as well as resting vs. before championships vs. after championships) were assessed using Friedman's analysis of variance followed by post-hoc Dunn's test with Bonferroni correction. \* p \< 0.05](jomb-38-342-g003){#j_jomb-2018-0033_fig_003}

Discussion {#j_jomb-2018-0033_s_004}
==========

Immunomodulatory effect of physical effort is widely discussed in the literature ([@j_jomb-2018-0033_ref_009], [@j_jomb-2018-0033_ref_010], [@j_jomb-2018-0033_ref_016], [@j_jomb-2018-0033_ref_025]). It seems that lymphocytes being an extremely adaptable group of white blood cells are good candidates for investigation of the biological mechanism of the immune system's adaptive pathway in high-qualified athletes. Taking a pleiotropic role of T (CD3^+^) cells into account, those subsets seem to be very important in keeping the homeostatic balance between pro- and anti-inflammatory signalling pathway associated with the different type and time period of physical effort.

Generally, lymphocytopenia was observed after the progressive test, but only the Th (CD3^+^CD4^+^) cell percentage was increasing. The decreases in senescent CD4^+^ and CD8^+^ T lymphocytes percentages were described in the trained athletes compared with the untrained group after maximal exercise ([@j_jomb-2018-0033_ref_026]). Some studies evidenced the changes in distribution between naïve and senescent T cells (more naïve CD8^+^ and less senescent CD4^+^ and CD8^+^ T cells) among resting athletes with high VO~2~max (maximal aerobic capacity) values in comparison to their counter-parts with lower VO~2~max values ([@j_jomb-2018-0033_ref_027]). According to Simpson, the immune system in regular training subjects creates space for naïve T lymphocytes by mobilisation of senescent T cells ([@j_jomb-2018-0033_ref_028]). He explains this phenomenon by a negative feedback loop: the decrease in peripheral T lymphocytes is caused by apoptosis of senescent T cells; this gap is filled up by naïve T lymphocytes leaving thymus ([@j_jomb-2018-0033_ref_028]). It was assumed by Brown et al. that such feedback loop should be more intense in regularly training participants. He also confirmed this assumption observing a dull senescent T lymphocyte response and a concomitant increase in naïve T cells among trained individuals compared to untrained counter-parts ([@j_jomb-2018-0033_ref_026]). Our results are also in line with this theory.

Our study investigated the peripheral distribution of CD3^+^ cells' subtests, including young and undifferentiated naïve (both CD8^+^ and CD4^+^), as well as memory (central and effector) T cells and differentiated T lymphocytes (e.g. Th1, Th2, Treg). The results indicated that maximal effort (100% VO~2~max) stimulates a shift in the distribution of CD4^+^ cells, both adolescent and naïve ones.

Interleukin 8 and IL-6 are cytokines responsible for stimulation of haematopoiesis (1). The increased post-test IL-6 concertation and rising IL-8 concentration during the recovery time might be a functional explanation of releasing CD4^+^ naïve T cells into circulation. The increase in IL-6 plasma concentration observed during the recovery time seems to confirm the hypothesis that this interleukin released from contracting muscle during the exercise acts in a hormone-like manner and mobilises extracellular substrates and/or augments substrate delivery (1). It seems that the pro-inflammatory effect of IL-6 is related more with the anabolic effect of the maximal effort than with the inflammation process.

Additionally, during the recovery time after such an exhaustive effort, a significant increase in Treg distribution was found. Regulatory T lymphocytes (Treg) forming 5--15% of whole Th (CD4^+^) lymphocyte pool, are responsible for the important phenomenon of immunologic self-tolerance. They inhibit dangerous autoimmune responses, suppress activated effector T lymphocytes as well as antigen-presenting cells that is mediated by a variety of mechanisms (15). From this point of view, the changes in Treg cells' distribution are probably related with the homeostatic role of those cells and evidence that inflammation being a consequence of maximal effort is a short-term phenomenon, at least in case of the studied male elite karate athletes. On the other hand, post-exercise changes in IL-12p70, TNF-α, IL-10, IL-6 and IL-8 were not statistically significant except for TNF-α. This observation combined with CD3^+^ cells' distribution evidenced that the progressive test did not cause a strong and rapid inflammation but had a modulated impact on the immune status of studied participants. Moreover, a significant increase in Th1 cell percentage found during recovery time indicated that modulating effect of maximal effort in laboratory condition might be related with activating macrophages because of the secreting of large quantities of IFN-γ and lymphotoxin ([@j_jomb-2018-0033_ref_015]). On the other hand, a significant decrease in Th2 cells was observed during the recovery after the maximal effort. Opposed to our results, some literature data indicated a significantly increased level of interleukin 4 (IL-4) during recovery time suggesting that post-effort changes during 3--72 hours were associated with Th2 cells' response ([@j_jomb-2018-0033_ref_029]). Our study evidenced that natural immune response to 100% VO~2~max effort stimulates aggressive, Th1-related pro-inflammatory state and enhances protective, Th2-related immune profile. The protective and regulatory role of the immune system is associated with Treg cells presence in peripheral blood during the recovery.

In opposite to exhausting effort achieved on the treadmill, the distribution of CD45^+^SSC^low^, as well as CD3^+^ cell percentages, did not change significantly in start-up period and after the competition in comparison to their baseline values. Only a slight but significant increase in CD3^+^CD8^+^ cells was found after the championship. This change may be associated with post-travel fatigue. The significant changes in white blood cells' distribution were observed after a different type of training programme associated with different type of martial arts in sedentary subjects (e.g. tai chi chuan exercise) as well as in professional athletes (e.g. taekwondo or mixed martial arts) ([@j_jomb-2018-0033_ref_030], [@j_jomb-2018-0033_ref_031], [@j_jomb-2018-0033_ref_032]). On the other hand, literature data suggest that regular exercise noticeably decreases the level of pro-inflammatory cytokines such as TNF-α, or IL-6 in circulation. It suggests an anti-inflammatory effect of regular exercise, especially practised for a long time ([@j_jomb-2018-0033_ref_025]). Our results suggested that the immunomodulating effect of start-up period is related with an increase in IL-12p70 and IL-10 cytokines level that play a crucial role in the activation of studied cells and are also related to haematopoiesis stimulation. IL-10 participates in the anti-inflammatory response to the exercise ([@j_jomb-2018-0033_ref_001], [@j_jomb-2018-0033_ref_010]) playing a crucial role in muscle tissue regeneration ([@j_jomb-2018-0033_ref_033]). Many authors reported this phenomenon after intense and prolonged exercise ([@j_jomb-2018-0033_ref_012], [@j_jomb-2018-0033_ref_033], [@j_jomb-2018-0033_ref_034]). IL-12p70 is a typical pro-inflammatory cytokine and its increase in pre-championship studied time point may help to explain a significant increase in aggressive, Th1-related cell profile.

Perspectives {#j_jomb-2018-0033_s_005}
============

The understanding how the organism's functional potential, especially immune mediators regulate its adaptation in response to different type of effort seems to be important for coaches and sports scientists to develop practical strategies to enhance an athlete's performance. A better understanding of CD3^+^ cells' differentiation and distribution in athletes' peripheral blood may help to avoid the negative effect of chronic high-intensity exercise stimulation of T cells resulting in immunosuppression. On the other hand, understanding of the immunomodulatory effect of T cells may be helpful in the better planning of training loads to induce a microinflammation anabolic effect of the immune system. Our study indicated that both start-up period, as well as maximal effort on the treadmill, caused disorder in immune balance and activation of compensation pathways with the participation of primarily CD4^+^ cells. It seems that Treg and Th1 cells are the key subsets involved in the anabolic effect of physical effort, at least among karate athletes.

However, it should be strongly emphasised that the results of this study may help to build a new hypothesis useful to searching an explanation of widely disused »Open Window Theory« and have a character of a pilot study, needing further in vestigation.
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APC

:   allophycocyanin

AT

:   anaerobic threshold

BMI

:   body mass index

BMR

:   basal metabolic rate

EDTA

:   ethylenediaminetetraacetic acid

FAT

:   percentage of fat

FBS

:   fetal bovine serum

FFM

:   fat free mass

FITC

:   fluorescein isothiocyanate

GM-CSF

:   granulocyte-macrophage colony-stimulating factor

MET

:   metabolic equivalent

MVV

:   maximal voluntary ventilation

PE

:   phycoerythrin

PerCP

:   peridinin chlorophyll protein

PerCP-Cy5.5

:   peridinin chlorophyll protein-cyanine 5.5

RC

:   respiratory compensation

Rf

:   respiratory frequency

RQ

:   respiratory quotient

TBW

:   total body water

TGF-β

:   transforming growth factor beta

TNF-α

:   tumour necrosis factor alpha

VE

:   maximum ventilation

VO~2~max

:   maximum oxygen uptake
